Abstract. In the paper we study the design in which we determine unknown measurements of p objects by use of n measurement operations. For that reason we consider the chemical balance weighing design under the assumption that the measurement errors are uncorrelated and they have the same variances. We give new construction method of the A-optimal chemical balance weighing design based on the incidence matrices of the balanced bipartite weighing designs and the ternary balanced block designs. The consequence of the proposed method is widening of possible classes in which A-optimal design exists.
INTRODUCTION
Let us consider the linear model e Xw y   ,
where y is an random vector of observed measurements, , denotes the class of [ 43] For the estimation of we use the normal equation Any chemical balance weighing design is nonsingular if and only if the information matrix of the design is nonsingular. Provided that
. It is worth noting that the chemical balance weighing design is the name of the plan of experiment described through the model (1). The origin of this name comes from early papers dedicated to experiments determining unknown measurements of objects by weighing them on balance with two pans, called chemical balance. Now, such experimental designs are used as the experimental plans in experiments in which the result of experiment can be described as linear combination of unknown measurements of objects with factors of this combination equal to -1, 0 or 1. The statistical problem is how to determine the estimator of the vector of unknown measurements of objects when the observations undergo the model (1). Especially, we are interested in the properties of this estimator. It is expected the mean variance of the estimators attained the lowest bound. Hence, the criterion of the A-optimality is considered. The classical works here are Jacroux et al. (1983) , Masaro and Wong (2008) , Graczyk (2012, 2014b) , Katulska and Smaga (2013) . Several problems of applications of weighing designs are given in many papers including Banerjee (1975) , Graczyk (2013) and Ceranka and Graczyk (2014a) . Among several questions taken under consideration, different optimality criteria of the experimental designs are presented. Here, we study the criterion of the A-optimality. Determining A-optimal design we set the design in which the mean variance of the estimators is the smallest. We said that the design is A-optimal in the class of the designs
tr min tr . In the case of the chemical balance weighing designs we obtain the definition given by Ceranka and Graczyk (2007 
In the same paper the condition determining A-optimal design is presented.
Theorem 1. Any nonsingular chemical balance weighing design
is regular A-optimal if and only if
In the present paper the construction of the design matrix of the regular A-optimal chemical balance weighing design is based on the incidence matrices of the balanced bipartite weighing designs and the ternary balanced block designs. So, in the next section we present the definitions of the balanced bipartite weighing design and the ternary balanced block design.
BALANCED DESIGNS
Any balanced bipartite weighing design there is an arrangement of treatments into blocks in such a way that each block containing distinct treatments is divided into 2 subblocks containing and treatments, respectively, where Each treatment appears in 
. Let be the incidence matrix of such a design with the elements equal to 0 or 1, then . For more details we refer the reader to Swamy (1982) .
Any ternary balanced block design (see Billington, 1984) is an arrangement of treatments in blocks, each of size in such a way that each treatment appears 0, 1 or 2 times in  are constant for the design. It is straightforward to verify that
is the incidence matrix of such a design with elements equal to 0, 1 or 2, and moreover . 
CONSTRUCTION OF REGULAR A-OPTIMAL DESIGNS
In this way we obtain 
Proof. As in the proof of Lemma 1, for the matrix in (4), the equality (7) is satisfied and what is more the condition (3) holds. Comparing these two equalities we get the equality (8) and . Consequently, under the assumption that the equality (8) is fulfilled, from the last equation we obtain the condition (9). In this way we get the thesis of Theorem. 
In particular case, the equality (8) 
, implies the existence of the regular A-optimal chemical balance weighing design
Proof. It is easy to check that the parameters given above satisfy the conditions (8) and (9).
Theorem 4. The existence of the balanced bipartite weighing design with the parameters ,
and the ternary balanced block designs with the parameters ,
, implies the existence of the regular A-optimal chemical balance weighing design given in the form (4).
,...
Proof. Easy computations show that the parameters given above satisfy the conditions (8) and (9).
Theorem 5. The existence of the balanced bipartite weighing design with the parameters ,
and the ternary balanced block designs with the parameters , ,
given in the form (4). Proof. One can easily prove that the parameters given above satisfy the conditions (8) and (9).
The equality (8) 
. 
CONCLUSIONS
In this paper some new methods of construction of regular A-optimal chemical balance weighing designs are presented. They permit determining the experimental plans having required statistical properties for many combinations of p and n which have not been presented in the literature up till now. In theorems 3-6 the series of parameters of the balanced bipartite weighing designs and the ternary balanced block designs are presented. Based on these parameters we form the incidence matrices of respective designs, and next the design matrix of the regular A-optimal chemical balance weighing design in the form (4). In the literature different optimality criteria are considered. Here, the criterion of A-optimality is preferable as we obtain estimators with the smallest mean variance. 
